In this paper, a design optimization for the reinforced concrete plane frame structure has been done in order to minimize the cost of the concrete and steel for beams and columns by adopting the Artificial Neural Network (ANN) computational model trough the NeuroShell-2 software program. The design procedure conforms to the ACI-318-08 Code. The variables used for design optimization are the width, depth and the area of reinforced steel, including longitudinal reinforcement and shear reinforcement. A three-bay two-story RC frame is modeled with selecting different span length and different load cases. Acceptable design results are obtained from more than 50 examples which are subjected to all the constraints of the ACI Code, using different cross-section sizes and these results are used to train the NeuroShell-2 program. The results obtained demonstrate the efficiency of the ANN procedure for the multi story RC frame design.
Introduction
Following the requirements of any code of practice in order to design beams and columns and with obtaining many acceptable cross sections, most engineers are in hesitation with selecting suitable cross sections that lead to minimize cost without further calculations. This paper adopts design optimization model to contribute to helping engineers to select simply a suitable dimensions for beams and columns in order to minimize the cost of concrete, steel, and formwork.
The optimum solution concerning structural engineer began with Michell [1] and was followed by Schmidt [2] . Heyman identified the absolute minimum weight of continuous beam [3] . During the past two decades, following recent developments in the field of design optimization of RC structures, a number of researchers have employed mathematical and evolutionary search techniques to optimum design subject to combination of gravity and lateral loadings. Krishnamoorthy and Munro [4] used linear programming techniques to optimize reinforced concrete frames [5] . Moharrami and Grierson [6] presented an automated computer-based method to design optimization of RC building frameworks subject to constraints on strength and stiffness. In more recent studies, Lee and Ahn [7] , and Camp et al. [8] implemented Genetic Algorithms (GA) that searched for discrete-valued solutions of beam and column members in RC frames. Andres and Panos [9] worked on optimal design of reinforced concrete (RC) structures. Sara et al. modeled an Artificial Neural Networks (ANN) to optimize cost of simply supported beams [10] . Artificial Neural Networks (ANN) are generally presented as systems of interconnected "neurons" which can compute values from inputs. It began to use at first in 1940s by Warren McCulloch and Walter Pitts (1943) by creating computational mode based on mathematics algorithms and was followed by Donald Hebb (1948) which created a hypothesis of learning based on the mechanism of neural plasticity. Farley and Wesley A. Clark (1954) first used computational machines [11] . The Artificial Neural Network is built with a systematic step-by-step procedure to optimize a performance criterion or to follow some implicit internal constraint, which is commonly referred to as the learning rule [10] . ANN have been used in the fields of concrete structures for nearly 25 years by many researchers: Tang These researchers basically set the structural parameters such as the material property, the boundary condition and the size of a structure as the input of the ANN model to predict the ability for the structure to resist the load [12] . In most of these works, the neural networks have been trained by using back propagation algorithm. In this approach, the connection weights of neural networks are initially set to some random values. These values are then modified automatically according to the learning algorithm during the process of learning.
Design Optimization of RC Frames
Formulation of the optimal design problem requires identification of design variables for the structural system, objective function that needs to be minimized, and design constrains that must be imposed on the system. Once the design problem has been formulated, it is transcribed into the following standard constrained optimization model:
Design Variables
Using one column size for each story or for a number of stories and varying the amount of reinforcement will simplify construction form. For a line of continuous beams, keeping the beam size constant, even when loads and spans differ, and varying the amount of reinforcement from span to span will also simplify the construction of forms. In both cases, less labor will be used, fewer supervisors and inspectors will be needed, and costs will be lower. These ideas are employed in this study as the basis of a general strategy for frame economy.
For the present formulation, cross-sectional dimensions and reinforcement areas for columns and beams are taken as design variables. Specifically, for columns there exist three design variables: the width, b c , the effective depth, d c and the longitudinal reinforcing steel area, A St Also, for beams there exist three design variables: the width and the effective depth of the web, b w and d b , respectively, and the tensile reinforcing steel area, A s . For each story, the design variables pertaining to the concrete sections are linked, meaning that the column width are assigned the same design variable as well as each of the column effective depths, beam widths, and beam effective depths. This gives practical designs facilitating the use of repetitive formwork. For each story, there are only two design variables pertaining to the reinforcing steel. These are the longitudinal reinforcing steel area in the most critical column and the tensile reinforcing steel area at the most critical location of bending moment in beams. Each member contains only the minimum amount of area of steel that required satisfying the imposed constraints.
Objective Function
The objective function which must be minimized is the function calculates the total cost of the frame. It is expressed in terms of concrete volume, steel weight, formwork surface area as well as their unit costs. The total cost of a reinforced concrete plane frame can be expressed as:
where: C columns = cost of columns for the whole frame. C beams = cost of beams for the whole frame. These costs can be calculated according to the following formulations
where: 
CS V = volume of longitudinal reinforcing steel in a column, calculated by using Equation (5).

t V = volume of lateral ties in a column, calculated by using Equation (6).
Cf A = surface area of formwork for a column.
bC V = volume of concrete in a beam, calculated by using Equation (7).
bS V = volume of tensile reinforcing steel in a beam, calculated using Equation (8).
v V = volume of stirrups in a beam, calculated using Equation (9) . 
where 
Design Constraints
The constraints on the design consist of two types: structural constraints, such as code requirements and serviceability criteria, and size limitation constraints. Structural constraints are in accordance with the ACI 318-08 Code provisions. In the following there are column's constraints and beam's constraints categorize as geometric constraint and constraints deducted according to the requirements of ACI Code for the design of column and beam.
Column Constraints 1) Geometric constraint
For the present formulation, columns may be square or rectangular. In order to ensure that the width of the column (b c ) will not exceed its depth (h c ), the column dimensions are constrained by:
2) Capacity constraint The ACI Code establishes adequate safety margins for columns by applying overload factors to the service loads and strength reduction factors to the nominal ultimate strengths. Therefore, u n P P ϕ ≤ is a basic safety criteria, where P u is the factored axial load at a given eccentricity, P n is the nominal axial strength at a given eccentricity , and φ is a strength reduction factor, equals 0.7 for tied columns.
For columns with very small or zero calculated eccentricities, the ACI Code recognizes that accidental construction misalignments and other unforeseen factors may produce actual eccentricities in excess of these small design values. Regardless of the magnitude of the calculated eccentricities, the ACI Code limits the maximum design strength to 0.8(φ)P 0 for tied columns. Here, P 0 is the nominal strength of the axially loaded column with zero eccentricity.
This results in:
where
By substituting Equation (13) in Equation (12), then Equation (12) can be rewrite in normalized form as:
3) Minimum area of reinforcing steel constraint Columns are designed on the basis of the interaction between combined bending and axial load. However, since the axial load has direct influence on the moment capacity of the column, and vice versa, there is no simple way of uncoupling the two effects.
The ACI Code allows the steel ratio to vary from a minimum of 1 percent to a maximum of 8 percent. To establish the required constraint, it is necessary to write the required steel ratio ρ g in terms of the applied factored moment M u . This can be done by observing that in the ductile range for typical interaction diagrams the required steel ratio varies linearly with the applied moment. Since most interaction diagrams express the applied moment as a no dimensional quantity, this can be expressed as: 
where h c is the column dimension in the direction of bending, But ρ g can be easily expressed in terms of the design variables as:
Therefore, the final constraint is given as:
Here, u M is the factored bending moment applied on the most critical column in a story and is obtained from the analysis.
4) Maximum reinforcing steel area constraint
To ensure that the column steel ratio g ρ does not exceed the ACI Code limit max g ρ of 8 percent, the following constraint is imposed:
By expressing two constraints of Equation (17) and Equation (18) in terms of the design variables and put them in the normalized form, the final constraint can be written as:
( )
Beam Constraints 1) Geometric constraints
Reinforced concrete beams may be wide and shallow requiring compression steel, or relatively narrow and deep with no compression steel. Consideration of maximum material economy often leads to proportions with effective depth (d b ) in the range from about 1.5 to 2.0 times the width (b w ). This results in the following constraints: According to the ACI Code, the design strength in flexure of a cross section (without compression reinforcement) may be expressed as:
where a is the depth of the equivalent rectangular stress block, and can be computed by 0.85
Substituting Equation (23) into Equation (23), this orderly substitute into Equation (22) which gives the following constraint:
or, in the normalized form 0.9
3) Minimum reinforcing steel area constraint According to ACI Code, the ratio of steel is limited to the value of ρ min by the equation:
Thus, the following constraint can be imposed on the beam steel ratio ρ:
Expressing ρ in terms of the design variables and putting in the normalized form, the final constraint can be written as:
4) Maximum reinforcing steel area constraint
In order to have reasonable assurance that concrete beams fail in a ductile manner under flexure, the ACI Code limits the amount of tension steel to not more than 75 percent of the amount in the balanced strain that is: This limitation will provide adequate ductile behavior for most design. One condition where greater ductile behavior is required is in design for redistribution of moments in frames. Since moment redistribution is dependent on adequate ductility in hinge regions, the ACI Code 318-83 Commentary limits the amount of tension steel hinging regions by:
Thus, the following constraint can be imposed:
Expressing ρ in terms of the design variables and putting in the normalized form, the final constraint can be expressed as:
5) Shear strength requirement constraint
According to the ACI Code requirements and for shear, the design of beams must satisfy the relation:
in which V n is the nominal shear strength of the cross section, equals to the sum of the contributions of the concrete and the shear reinforcement if present and can be calculated from:
Then Equation (36) can be written in the normalized form as:
6) Crack width constraint
According to the ACI Code, the maximum crack width of beam can be controlled by cross section dimension; number of bars placing in it and the exposure condition, accordingly the following constraint can be imposed: 
where: d ′ = concrete cover (to center of reinforcing steel bars). n min is the minimum number of bars in the single layer of reinforcement at top or bottom of beam.
7) Minimum beam width constraint
To ensure proper placement of concrete, the ACI Code minimize the clear distance between adjacent bars to be not less than the nominal diameter of the bars, or 1 inch. This is controlled by the width (b r ) that required accommodating the steel area within the standard spacing and is derived according to the relation between steel area and beam width. This leads to a constraint as: 
Compatibility Constraint
An important compatibility constraint is imposed to ensure that the width of the columns at a given story is not less than the corresponding beam width to allow continuation of beam reinforcing steel bars through the columns. In the normalized form, this constraint can be written as:
Size Limitation Constraints
These are upper and lower bounds imposed on beam and column dimension, and reinforcing steel areas, based on architectural and/or geometrical criteria. Such constraints have many different names in the literature, such as the side constraints, technological constraints, and simple bounds. All these names explain clearly the nature of this type of constraints mathematically. Worth mentioning that, all the above constraints were used as constrained for the model to reach to the optimum dimensions for the beams and columns and calculated the area of steel the cost include the cost of materials and formwork, these all in turn were applied intoNeuroShell-2 software program.
Analysis and Design of the Model
A three-bay, two-story reinforced concrete frame was selected as a model. The cross-sectional dimensions and reinforcement areas for columns and beams are taken as design variables. Namely, for columns there are three design variables: the width, the effective depth, and the longitudinal reinforcing steel area, and for beams there are three design variables: the width, the effective depth and the tensile reinforcing steel area. The preceding variables were kept constant for all beams and all columns in the two stories. The ultimate strength of concrete was taken as variable between 25 and 30 MPa for all cases while the yield strength of steel was taken as 420 MPa for all cases. The shape of cross sections of beams and columns were kept constant as rectangular and the dimensions of x-sections for beams and columns are shown in Table 1 . The height of columns and spacing between columns in two directions are shown in Figure 1 . The model is analyzed and designed using PROKON software by using a lot of different variables for beams and columns and after that the cost is calculated. The design is done according to the requirements of ACI Code.
Optimization Design Using Artificial Neural Network (ANN)
The results of 50 different cases of the model have been obtained with using different x-sectional dimensions for beams and columns and using two grade of concrete (25 MPa and 30 MPa). The area of reinforcement obtained according to the design that verified all constraints mentioned before. The costs has been calculated using spreadsheets depending on the volume of concrete, volume of steel bars and formwork for each result obtained and named as actual costs. A neural network model is done using NeuroShell-2 program. The model is based on design results and cost calculated for each case. These results were used to train the program. The execution data of the program is the costs, it named as ANN Cost.
A comparison between the actual costs and the ANN cost is done. This comparison revealed a very small difference percentage between the two costs as clearly shown in Table 2 and Table 3 for the six selected cases for beams and columns. 
